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Hydrothermal synthesisTwo CoII complexes of [Co(phen)2(H2O)(HL)OH] (1) and [Co(bpy)(H2O)(EtOH)L]n (2), where L = 4,4′-
(2-acetylpropane-1,3-diyl)dibenzoic acid, phen = 1,10-phenanthroline and bpy = 2,2′-bipyridine, were
hydrothermally synthesized and characterized by the single crystal X-ray diffractions, the infrared spectros-
copy, the thermogravimetric analyses, and the magnetochemical analyses. Complex 2 can form one dimen-
sional coordination polymers with the help of bridge ligand of L2−. Furthermore, both 1 and 2 can form
the supramolecules through the intermolecular hydrogen bond interactions. The higher values of Tχm,
3.29 K · cm3/mol (g = 2.65, S = 3/2) at 300 K, reveal that there should be typical contribution of the orbital
momentum for the 4T1g ground state of the CoII ions in complex 1.
© 2013 The Authors. Published by Elsevier B.V. Open access under CC BY license.The metal complexes based on the organic acids appealed to
many researchers' attention because the carboxyl groups with the
diversiform coordination modes of organic acids can act as not only
the coordination groups but also the donors and/or acceptors of the
hydrogen bonds [1–9]. Among the reported organic acid ligands, the
non-conjugated aromatic polycarboxylic acids with alkyl linkers be-
tween the aromatic rings are useful to prepare the metal complexes
with unexpected structures and/or excellent properties [4,5]. Because
the alkyl linkers can change their spatial structures to meet the
coordination requirements [3–7] and the aromatic rings can give
the ligands some additional molecular forces such as π–π stacking
and π–H interactions [8,9]. At the same time, the CoII complexes
were also extensively studied due to their potential applications
in biochemistry [10,11], catalyst [12,13], magnetic materials
[14,15], and so on. Therefore, non-conjugated aromatic dicarbox-
ylic acids of 4,4′-(2-acetylpropane-1,3-diyl)dibenzoic acid (H2L)
which have 1,3-propylidene group between the aromatic rings
were used to hydrothermally synthesize two CoII complexes of
[Co(phen)2(H2O)(HL)OH] (1) and [Co(bpy)(H2O)(EtOH)L]n (2),
(where phen = 1,10-phenanthroline and bpy = 2,2′-bipyridine),
and the X-ray single crystal diffraction, the infrared spectroscopy,
the thermogravimetric analyses and the magnetochemical analy-
ses were applied to characterize the prepared CoII complexes.
The experimental details are presented in the supplementary ma-
terial, the crystal data of complexes 1 and 2 are listed in Table S1@hotmail.com (Q. Duan).
.V. Open access under CC BY license.(in the supplementary material), and the corresponding selective
bond distances and the bond angles of 1 and 2 are listed in Table
S2 and S3 (in the supplementary material), respectively.
The ORTEP drawing, the view of double molecules based supra-
molecule, and the 1D chain supramolecule connected through hydro-
gen bonds of complex 1 are presented in Fig. 1. According to the
ORTEP view of crystal 1 in Fig. 1A, each CoII ion is coordinated by
two Phen, an OH− anion and a deprotonated HL− ligand. The dis-
tances of Co(1)\N (phen) range from 2.143(3) to 2.158(3) Å, and
the Co(1)\O(1) (HL−) and Co(1)\O(3) (OH−) are 2.038(3) and
2.094(3) Å, respectively. The bond angles of O(1)\Co(1)\N(1),
O(6)\Co(1)\N(3), N(4)\Co(1)\N(2), N(1)\Co(1)\N(2), and
N(3)\Co(1)\N(4) are 171.57(12), 172.69(11), 166.30(13), 77.82(13),
and 77.59(12)°, respectively, and other bond angles are in the range of
83.18(11)–99.20(11)°. The intermolecular hydrogen interaction be-
tween O(6) (OH−) and O(5)′ (HL−) with the distance of 2.661 Å and
the intramolecular hydrogen between O(6) (OH−) and O(2) (HL−)
with the distance of 2.613 Å lead to the double molecules based
supramolecules (Fig. 1B). These supramolecules are further linked to
be 1D chains (Fig. 1C) by the intermolecular hydrogen bond interactions
of O(4)\O(7)\O(4)′ and O(4)\O(7)′\O(4)′, where O(7) (O(7)′)
and O(4) (O(4)′) are supplied by the solvent water and the non-
coordinated carboxyl group of HL−, respectively.
Fig. 2 presents the coordination environment of CoII, the view of
1D zigzag chain, and the intermolecular grid chain in crystal of 2. As
shown in Fig. 2, each CoII ion is coordinated by a bpy, a water mole-
cule and two L2− bridge ligands. The deprotonated carboxyl groups
of each L2− present two coordination modes of monodentate and
bidentate and act as the bridge ligand to make 2 be 1D zigzag chain
with a Co–Co distance of 16.186 Å (Fig. 2B). These 1D zigzag chains
are further linked into a 1D grid chains through the intermolecular
hydrogen-bonds (Fig. 2C). For the distorted octahedral geometry of
Fig. 1. The ORTEP drawing with 30% thermal ellipsoids (A), the view of double molecules based supramolecule (B), and 1D chain supramolecule (C) connected through hydrogen
bonds of 1.
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Co(1)\O(4)#2, Co(1)\N(1), and Co(1)\N(2) are 2.074(3), 2.054(3),
2.196(3), 2.184(3), 2.125(3), and 2.101(3) Å, respectively, while
the bond angles of N(2)\Co(1)\N(1), O(4)#2\Co(1)\O(3)#2,
O(1)\Co(1)\N(1), O(2)\Co(1)\O(4)#2, and N(2)\Co(1)\O(3)
#2 are 76.82(13), 59.83(10), 166.38(13), 152.51(12), and 150.21(12)°,
respectively, and other bond angles with Co(I) as the center are around
90°.
The thermal gravimetric analysis (TGA) of 1 and 2 under N2 atmo-
sphere was carried out to study their thermal stability in the range of
50–800 °C, and the corresponding curves are presented in Fig. 3. The
solvent water in 1 and EtOH in 2 should be totally evaporated when
the temperature is higher than 209.0 and 136.0 °C, respectively. The
decomposition of the coordination ligands of 1 and 2 begins to disas-
sociate or sublimate at ca. 279.0 and ca. 218.0 °C, respectively. The re-
sults suggest that the crystal structures of 1 and 2might change when
they are heated at higher temperature.
The plots of the χm and 1/χm versus T of 1 and 2 are depicted in
Fig. 4. Fitting the data using the Curie–Weiss Law, χm = C/(T − θ),
yields a Curie constant C = 3.44 cm3 · K · mol−1 with Curie tem-
perature θ = −3.19 K for 1. At the same time, the value of the Tχm
of 1 and 2 at 300 K is 3.29 K · cm3/mol (g = 2.65, S = 3/2) which
are obviously larger than the expected value of 1.875 K · cm3/mol
for the isolated CoII ion (g = 2, S = 3/2). These results suggest
that there should be a typical contribution of the orbital momen-
tum for the 4T1g ground state of the CoII ions in 1 [16]. The
magnetochemical data of for 2 can also be nicely ﬁtted to the
Curie–Weiss Law, χm = C/(T − θ), with C = 1.99 cm3 · K · mol−1
and θ = −1.16 K 2, respectively. Furthermore, the value of the Tχm at300 K is 1.78 K · cm3/mol (g = 1.95, S = 3/2) for 2, respectively,
which nicely accord with the expected value of 1.875 K · cm3/mol
for the isolated CoII ion (g = 2, S = 3/2). Based on these data, the
antiferromaganic coupling of the CoII ions is tentatively attributed to
the negative θ value of 2 [17].
In summary, aromatic dicarboxylic acids (H2L) were used to pre-
pare two magnetic CoII complexes of 1 and 2. The single crystal
structures of 1 and 2, along with their thermal stability and the
magnetic properties, were fully analyzed in this article. The C and
θ are calculated to be 3.44 K · cm3/mol and −3.19 K for 1 and
1.99 K · cm3/mol and−1.16 K for 2, respectively.Acknowledgments
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LY12B02013).Appendix A. Supplementary material
CCDC 826822 and CCDC 826823 contain the supplementary
crystallographic data for this paper. These data can be obtained
free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif. Supplementary data associat-
ed with this article can be found, in the online version, at http://dx.
doi.org/10.1016/j.inoche.2013.04.039.
Fig. 3. TGA diagrams of 1 and 2.
Fig. 4. Magnetic properties of 1 (triangle) and 2 (square) in the form of χM versus T
(black) and 1/χM versus T (blue).
Fig. 2. Coordination environment of CoII (A) with 30% thermal ellipsoids, the view of 1D zigzag chain (B) and intermolecular grid chain (C) in crystal of 2.
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